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FOREWORD 

T h i s  volume has been prepared f o r  t h e  Func t iona l  I n t e g r a t i o n  S e c t i o n ,  
Systems I n t e g r a t i o n  and Operat ions Branch, Vehicle  Systems Div i s ion ,  Propul-  
s ion and Vehic le  Engineer ing Laboratory,  by t h e  Engineer ing Communications 
Department, Chrys le r  Corporat ion Space Div is ion ,  under c o n t r a c t  number 
NAS8-4016. 

The fo l lowing  s e r i e s ,  o f  which t h i s  volume is  a p a r t ,  f u n c t i o n a l l y  de- 
s c r i b e s  t h e  mechanical  and e lec t romechanica l  systems of  Sa tu rn  I, SA-7 space 
v e h i c l e  and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume I V .  
Volume V. 
Volume V I .  
Volume V I I .  
Volume V I I I .  
Volume I X .  
Volume X. 
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and H e l i u m  Storage  F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environmental Cont ro l  System 
Launch Pad Accessor ies  
H - 1  Engine and Hydraul ic  System 
RLlOA-3 Engine and Hydraul ic  System 
Sepa ra t ion  and F l i g h t  Terminat ion Sys tems 
Supplement: Legend and Composite Schematic 

Each volume c o n t a i n s  mechanical  schematics  and a l i s t  of a p p l i c a b l e  f i n d i n g  
numbers. 

Volume I1 d e s c r i b e s  t h o s e  components t h a t  are a c t i v e  dur ing  countdown, 
l aunch ,  and f l i g h t :  i t  s p e c i f i c a l l y  exc ludes  maintenance procedures .  Only 
in fo rma t ion  a v a i l a b l e  by December 5 ,  1963, has been included.  
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1 .  DESCRIPTION 

The Launch Complex 37 LOX s y s t e m  f i l l s ,  r e p l e n i s h e s ,  d r a i n s ,  and p r e s -  
s u r i z e s  t h e  Sa tu rn  I Vehicle  LOX c o n t a i n e r s .  

The LC 37 LOX system c o n s i s t s  of a LOX s t o r a g e  f a c i l i t y  and r e l a t e d  LOX 
l o a d i n g  equipment,  l oca t ed  on Launch Pad B and i n  t h e  launch c o n t r o l  c e n t e r  
(LCC). 

Two independent v e h i c l e  LOX systems s t o r e  and supply  LOX f o r  S - I  and S - I V  
s t a g e  engine o p e r a t i o n .  

The S - I  and S- IV  s t a g e  LOX systems c o n s i s t  of s t o r a g e  c o n t a i n e r s ,  con- 
t a i n e r  p r e s s u r i z a t i o n  sys tems,  and s u c t i o n  l i n e s  t h a t  supply  LOX t o  t h e  H - 1  
and RLlOA-3 Engines (Vol. V I 1 1  and I X ) .  

Automatic o r  semiautomatic  LOX t r a n s f e r ,  au tomat ic  monitor ing,  s e m i -  
au tomat ic  pre launch  s i m u l a t i o n ,  and manual checkout  make up t h e  v a r i o u s  
phases  of LOX system o p e r a t i o n .  LOX t r a n s f e r  t o  t h e  v e h i c l e  proceeds through 
a coord ina ted  sequence whereby elements of S - I  and S-IV f i l l i n g  occur  s imul-  
t aneous ly .  F i l l ,  d r a i n ,  and r e p l e n i s h  l i n e s  p r e c o o l  o p e r a t i o n s  reduce l i n e  
tempera tures  t o  minimize gaseous oxygen (GOX) bu i ldups  t h a t  could cause l i n e  
r u p t u r e  and /o r  improper LOX flow. 

Replenish o p e r a t i o n s  which compensate f o r  b o i l o f f  l o s s e s  begin  approxi -  
mate ly  2 hours  be fo re  i g n i t i o n  and t e rmina te  a t  i n i t i a t i o n  of t h e  au tomat ic  
sequence.  Dra in  o p e r a t i o n s  provide  LOX r e t u r n  t o  t h e  s t o r a g e  f a c i l i t y  a t  t h e  
conc lus ion  of checkout o r  a b o r t  p rocedures .  

The LCC houses master c o n t r o l s  f o r  t h e  LOX load ing  systems w i t h i n  LC 37. 
S-IV LOX load ing  f u n c t i o n s  through t h e  S-IV p r o p e l l a n t  u t i l i z a t i o n  (PU) sys tem,  
w h i l e  S - I  LOX load ing  c o n t r o l  comes from t h e  LOX t ank ing  computer i n  t h e  au to -  
matic ground c o n t r o l  s t a t i o n  (AGCS) Pad B y  and t h e  LOX c o n t r o l  pane l  i n  t h e  LCC. 

1.1. Storage  F a c i l i t y  

A main s t o r a g e  t ank ,  a r e p l e n i s h  t a n k ,  two v a p o r i z a t i o n  systems,  main and 
r e p l e n i s h  tank  sens ing  c a b i n e t s ,  a pneumatic c o n t r o l  conso le ,  t r a n s f e r  l i n e s ,  
pumps, b lowers ,  v a r i o u s  v a l v e s ,  and a s s o c i a t e d  hardware make up t h e  LC 37 LOX 
s t o r a g e  f a c i l i t y .  

The main s t o r a g e  t ank  holds  125,000 g a l l o n s  of  LOX w i t h  a 12 p e r c e n t  
u l l a g e .  The s p h e r i c a l ,  dual-wal led t ank  i s  mounted on s i x  columns. The i n n e r  
s p h e r e ,  i n  which t h e  LOX i s  s t o r e d ,  i s  33 f t  3 i n .  I . D .  and i s  made of  5083-0 
aluminum. The o u t e r  sphere  i s  of low carbon s t e e l ,  A283 grade C.  The q f e e t  
o f  annu la r  space  between t h e  wa l l s  is f i l l e d  wi th  p e r l i t e  i n s u l a t i o n .  
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The dual-wal led,  c y l i n d r i c a l  r e p l e n i s h  t a n k  i s  mounted h o r i z o n t a l l y  on 
t h e  LOX pad and s t o r e s  28,000 g a l l o n s  of LOX w i t h  a 5 p e r c e n t  u l l a g e .  The 
i n n e r  t a n k  i s  c o n s t r u c t e d  of  5083-Hl13 aluminum, wh i l e  t h e  o u t e r  s h e l l  i s  low 
carbon s tee l .  The one f o o t  of annu la r  space between t h e  wa l l s  i s  f i l l e d  w i t h  
p e r l i t e  i n s u l a t i o n .  

A v a p o r i z a t i o n  system f o r  each  t a n k  c o n v e r t s  LOX t o  GOX f o r  t a n k  u l l a g e  
p r e s s u r i z a t i o n .  These systems become o p e r a t i v e  on ly  when LOX load ing  beg ins .  
The main and r e p l e n i s h  t a n k  s e n s i n g  pane l s  house c o n t r o l s  and mon i to r ing  
d e v i c e s  f o r  checking t a n k  LOX l e v e l s ,  and i n n e r  wal l  p r e s s u r e  and vacuum; f o r  
o p e r a t i n g  t h e  t a n k  p r e s s u r i z a t i o n  systems; and f o r  monitor ing b o o s t e r  and upper 
s t a g e  pump d i scha rge  p r e s s u r e s .  

The pneumatic c o n t r o l  conso le  p rov ides  GN2 c o n t r o l  p r e s s u r e  f o r  pneumatic 
I v a l v e  and c o n t r o l l e r  a c t u a t i o n  and purge flow. 

1 . 2 .  Launch Control  Center  

P r o p e l l a n t  loading r a c k s  numbers 3 ,  4 ,  and 5 i n  t h e  LCC house equipment 
f o r  master c o n t r o l  of LOX load ing  o p e r a t i o n s .  T h i s  equipment i n i t i a t e s ,  con- 
t r o l s ,  c o r r e c t s ,  and monitors  LOX t r a n s f e r  o p e r a t i o n s ,  p rov ides  LOX t r a n s f e r  
system component manual checkout and s i m u l a t e s  LOX t r a n s f e r .  Rack number 3 
houses a computer r eadou t  d i s t r i b u t o r ,  sequence r e c o r d e r ,  p r o p e l l a n t  mon i to r ,  
computer d i s t r i b u t o r ,  and a r e l a y  d i s t r i b u t o r .  Rack number 5 houses a LOX 
supply monitor ,  d i g i t a l  i n d i c a t o r ,  LOX computer, and a r e l a y  d i s t r i b u t o r .  
Rack number 4 houses t h e  a u x i l i a r y  components p a n e l ,  LOX DC power p a n e l ,  LOX 
components p a n e l ,  LOX c o n t r o l  p a n e l ,  and a r e l a y  d i s t r i b u t o r .  

1 . 3 .  Launch Pad B 

Pad B LOX loading equipment i s  l o c a t e d  i n  the AGCS, t h e  S-IV tower complex 
( S - I V  TC), t h e  launcher ,  and the LOX p i t .  The fo l lowing  subparagraphs d e s c r i b e  
t h i s  equipment i n  each of t h e s e  areas.  

1.3.1. Automatic Ground Con t ro l  S t a t i o n .  LOX l o a d i n g  equipment on t h e  
AGCS second f l o o r  c o n s i s t s  of p a n e l s  mounted i n  t h e  p r o p e l l a n t  l e v e l  c o n t r o l  
system d a t a  t r ansmiss ion  r a c k ,  t h e  p r o p e l l a n t  level  c o n t r o l  system c a l i b r a t i o n  
and monitor r a c k ,  and t h e  launcher  a c c e s s o r i e s  r a c k  number 2 .  The LOX l o a d i n g  
computer,  mounted i n  t h e  c a l i b r a t i o n  and monitor  r a c k ,  s enses  d i f f e r e n t i a l  
p r e s s u r e  (9) through s e n s i n g  l i n e s  brought i n  from t h e  v e h i c l e  and g e n e r a t e s  
an e l e c t r i c a l  analog of t h e  aP. 
s t o p - f a s t - f i l l  a r e  gene ra t ed  by t h e  computer and monitored by t h e  LOX computer 
pane l  i n  t h e  LCC. 

Switching p o i n t s  f o r  75 p e r c e n t  f u l l  and 

1.3.2. S-IV Tower Complex (S-IV TC) .  LOX l o a d i n g  equipment l o c a t e d  i n  
t h e  S-IV TC c o n s i s t s  of t h e  main f i l l  ana topp ing  c o n t r o l  v a l v e  complex, t h e  - _  - 
S - I V  f i l l ,  r e p l e n i s h  and d r a i n  l i n e ,  t h e  S - I  and S - I V  main f i l l  and r e p l e n i s h  
p recoo l  v a l v e s ,  and a s s o c i a t e d  s o l e n o i d  c o n t r o l  valves and plumbing. The 
major p o r t i o n  of t h i s  equipment is  l o c a t e d  a t  the  u m b i l i c a l  tower 1 0 8 - f t  l e v e l .  
The main f i l l  and topping c o n t r o l  v a l v e  complex mounts on a s l e d  and i s  in -  
s t a l l e d  as a u n i t  on t h e  tower.  The s l e d  h a s  two r u n n e r s  w i t h  c r o s s  p i e c e s  
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t h a t  suppor t  t h e  v a l v e s ,  a t ransducer  box, and a j u n c t i o n  box. The S-IV f i l l ,  
d r a i n ,  and r e p l e n i s h  l i n e  connects t h e  v a l v e  complex t o  t h e  S-IV s t a g e  umbil- 
ical  housing through swing a r m  number two. Two o t h e r  LOX t r a n s f e r  l i n e s  con- 
n e c t  t o  t h e  v a l v e  complex, one from t h e  s-I r e p l e n i s h  l i n e  and t h e  o t h e r  from 
t h e  s t o r a g e  f a c i l i t y .  

1.3.3. Launcher and LOX P i t .  LOX load ing  equipment on t h e  launcher  con- 
s i s t s  of t h e  LOX mast which connects t h e  s-I main f i l l  and d r a i n  l i n e  t o  t h e  
S-I s t a g e  f i l l  and d r a i n  nozz le .  The LOX bottom and t o p  computer s ens ing  l i n e s  
and coupl ings  connect t o  t h e  v e h i c l e  f i n  IV u m b i l i c a l  housing through s h o r t  
c a b l e  m a s t  number fou r .  The LOX r e p l e n i s h i n g  coupl ing  h a l f ,  b racke t  mounted 
on t h e  l aunche r ,  connects  t o  t h e  v e h i c l e  r e p l e n i s h  coupl ing-ha l f  a t  f i n  p o s i -  
t i o n  IV. The main f i l l  and r e p l e n i s h  so l eno id  c o n t r o l  v a l v e s ,  l i n e s ,  and 
coupl ing-ha lves  connect t o  t h e  f i n  IV umbi l i ca l  housing through s h o r t  c a b l e  
m a s t  number f o u r .  The LOX con ta ine r  p r e p r e s s u r i z a t i o n  so leno id  c o n t r o l  v a l v e s ,  
o r i f i c e s ,  coup l ing -ha l f ,  and l i n e s  connect t o  t h e  f i n  I1 umbi l i ca l  housing 
th rough  s h o r t  c a b l e  mast number two. The LOX bubbl ing  so leno id  c o n t r o l  v a l v e ,  
t h e  l i n e ,  and t h e  coupl ing-ha l f  connect t o  t h e  v e h i c l e  f i n  IV u m b i l i c a l  housing 
th rough  s h o r t  c a b l e  mast number fou r .  LOX loading  equipment l o c a t e d  i n  t h e  
LOX p i t  nea r  t h e  launcher  c o n s i s t s  of t h e  
t he  r e p l e n i s h  t h r o t t l e  c o n t r o l  va lve ,  the 
t h r o t t l e  bypass v a l v e ,  t h e  r e p l e n i s h  l i n e  
v a l v e  and t h e  S - I  main f i l l  va lve .  

computer c o n t r o l l e d  pneumatic r e l a y ,  
r e p l e n i s h  c o n t r o l  s o l e n o i d ,  S - I  
d r a i n  v a l v e ,  t h e  S - I  m a s t  d r a i n  

1.4. S-I Stage  

F ive  c o n t a i n e r s  supply  LOXto t h e  S - I  s t a g e  H - 1  engines  du r ing  S-I s t a g e  
powered f l i g h t .  Four 70 i n .  diameter c o n t a i n e r s  (0-1, 0-2,  0-3,  and 0-4)  
su r round  the c e n t r a l  105 i n .  diameter c o n t a i n e r  ( 0 - C ) .  The four  o u t e r  con- 
t a i n e r s  are mounted a l t e r n a t e l y  between p a i r s  of f u e l  c o n t a i n e r s  so  t h a t  each  
c o n t a i n e r  f eeds  one inboard  and one outboard  engine .  Each o u t e r  c o n t a i n e r  
measures 677 i n .  long w i t h  an approximate c a p a c i t y  of 11,000 g a l l o n s  , i nc lud ing  
u l l a g e .  Four in t e rconnec t  l i n e s  j o i n  t h e  fou r  o u t e r  con ta ine r  sumps t o  t h e  
c e n t e r  c o n t a i n e r  sump, a l lowing LOX c o n t a i n e r  f i l l  through a common coupl ing  
f o r  f i l l  and a common coupl ing  fo r  r e p l e n i s h .  Four GOX in t e rconnec t  l i n e s  
j o i n  t h e  o u t e r  c o n t a i n e r  u l l a g e  t o  t h e  GOX p r e s s u r i z a t i o n  mani fo ld ,  which i s  
b o l t e d  t o  t h e  c e n t e r  con ta ine r  forward bulkhead. 
u l l a g e  GOX p r e s s u r e  d i s t r i b u t i o n  t o  a l l  f i v e  c o n t a i n e r s .  

The manifold provides  equa l  

Two ven t  and r e l i e f  va lves  and one ven t  v a l v e  provide  o v e r p r e s s u r i z a t i o n  
p r o t e c t i o n  f o r  t h e  LOX con ta ine r s .  LOX conver ted  t o  GOX p r e s s u r i z e s  t h e  LOX 
c o n t a i n e r s  du r ing  f l i g h t ,  while  He p r e p r e s s u r i z e s  t h e  c o n t a i n e r s  u n t i l  main- 
s t a g e  ope ra t ion  commences. 

Eight  LOX s u c t i o n  l i n e s ,  with f l e x i b l e  bel lows j o i n t s ,  supply LOX t o  t h e  
eng ines  through p reva lves  t h a t  a r e  h e l d  open by GN2 c o n t r o l  p r e s s u r e .  

1 .5 .  S-IV Stage  

The S-IV LOX system s t o r e s  and s u p p l i e s  p r e s s u r i z e d  LOX t o  t h e  s i x  
RLlOA-3 engines  du r ing  S-IV powered f l i g h t .  The system c o n s i s t s  of a 1262-cu 

3 



f t  c o n t a i n e r ,  s i x  t h e r m a l l y  i n s u l a t e d  s u c t i o n  l i n e s  w i t h  f l e x i b l e  bel lows 
j o i n t s ,  a capac i t ance - type  LOX l e v e l  s e n s o r ,  a c o l d  He system which s u p p l i e s  
h i g h  p r e s s u r e  He fo r  c o n t a i n e r  p r e s s u r i z a t i o n ,  a LOX bubbl ing system, and 
a s s o c i a t e d  v a l v e s ,  swi t ches  , o r i f i c e s ,  and plumbing. 

The S-IV umbi l i ca l  p l a t e  p rov ides  a l l  n e c e s s a r y  connec t ions  t o  GSE through 
swing a r m  number two f o r  S - I V  LOX system o p e r a t i o n  p r i o r  t o  l i f t o f f .  

2. OPERATION 

Components r e q u i r e d  f o r  v a r i o u s  s e q u e n t i a l  o p e r a t  i o n s  are grouped under 
t h i s  s u b s e c t  i on  according t o  l o c a t  i on .  

The s t o r a g e  f a c i l i t y ,  l a u n c h e r ,  LOX p i t ,  S-IV tower complex, S - I  s t a g e ,  
and S-IV s t a g e  comprise t h e  l o c a t i o n a l  areas. Sequences l e a d i n g  t o  v e h i c l e  
l aunch  are  grouped under the area o r  areas which c o n t a i n  the components u t i -  
l i z e d  i n  each sequence. During f l i g h t ,  on ly  t h o s e  components r e q u i r e d  f o r  
v e h i c l e  o p e r a t i o n  a r e  d i s c u s s e d  i n  t h i s  sect ion. 

2 . 1 .  S t o r a g e  F a c i l i t y  

Equipment necessa ry  t o  r e c e i v e ,  s t o r e ,  and t r a n s f e r  LOX t o  and from the 
l aunch  pad i s  l o c a t e d  i n  t h e  s t o r a g e  f a c i l i t y .  

2.1.1.  Pneumatic Con t ro l  Console (PCC). The PCC r e c e i v e s  3500-psig GN2 
from t h e  h igh -p res su re  GN? and He s t o r a g e  f a c i l i t y  and d rops  t h e  p r e s s u r e  i n  
increments  t o  750, 120 ,  56, and 25 p s i g  ( f i g u r e  2 ) .  
removes contaminants from the GN2, t h e r e b y  p rov id ing  r e g u l a t o r  contaminat ion 
p r o t e c t i o n .  O r i f i c e  A2734 r educes  3500 p s i g  t o  50 p s i g ;  Regulator  A2704 re- 
duces 3500 p s i g  t o  750 p s i g ;  Regulator  A2705 r educes  750 p s i g  t o  120 p s i g ;  and 
Regu la to r  A2706 reduces 120 p s i g  t o  25 p s i g .  Three p o r t s  supp ly  GN2; one a t  
750, one a t  50, and one a t  25 p s i g .  

Pneumatic F i l t e r  A2707 

Manual Valves A2712, A2713, A2714, A2720, A2726, and A2715 a l l o w  i s o l a t i o n  
of v a r i o u s  segments of the system. Manual Valves A2718, A2721, A2723, A2724, 
A2722, A2719, A2717, A2730, and A2716 p rov ide  complete system manual v e n t i n g .  

P r e s s u r e  Gages A2700, A2701, A2702, and A2703, p r o v i d e  v i s u a l  p r e s s u r e  
i n d i c a t i o n s  w i t h i n  each system l e g .  R e l i e f  Valves A2708, A2709, A2710, and 
A2735 p r o v i d e  automatic  i n d i v i d u a l  l e g  r e l i e f  a t  900, 120, 35 ,  and 55 p s i g ,  
r e  s p e  c t  i v e  1 y . 

Manual Valve A2771 can be c l o s e d  t o  i s o l a t e  t h e  e n t i r e  conso le  when re- 
placement ,  r e p a i r ,  o r  s h u t o f f  of f low t o  t h e  conso le  i s  d e s i r e d .  P r e s s u r e  
Switches A2725 and A2711 send p r e s s u r e  OK s i g n a l s  t o  i n d i c a t o r  l i g h t s  on a 
p a n e l  i n  t h e  LCC when t h e  d e s i r e d  p r e s s u r e  i s  r eached  i n  t h e  750- and 25- 
p s i g  l e g s .  
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2.1 .2 .  Main Tank F i l l .  LOX, t r a n s p o r t e d  t o  Complex 37 i n  t r a i l e r s ,  i s  
pumped i n t o  t h e  Main S torage  Tank A300 through hoses  which couple  t o  t h e  main 
Tank f i l l  coupl ing-ha l f  assemblies  ( s e e  f i g u r e  3 ) .  

LOX passes from t h e  t r a i l e r s  th rough Coupling-Half Assemblies A108, A109, 
A120, A 1 2 1 ,  and A122 ,  through Manual Valves A 9 1 ,  A67, A116, A 1 1 7 ,  and A 1 1 8 ,  
p a s t  R e l i e f  Valve A80, which r e l i e v e s  a t  75 p s i g ,  through S t r a i n e r  A126 and 
Manual Valve A308, i n t o  t h e  Main Tank A300. When t h e  LOX r eaches  t h e  d e s i r e d  
l e v e l ,  i t  f lows through t h e  open Trycock Valve A311. Valve A311 now c l o s e s  
and LOX t ank  f i l l  t e rmina te s .  Manual Valve A316 opening a l lows  t h e  Tank A300 
LOX level t o  be r e a d  on D i f f e r e n t i a l  P r e s s u r e  Gage A312. The main t a n k  i n l e t  
and o u t l e t  l i n e s  d r a i n  through Manual Valves  A 1 2 7 ,  A128, A129, A130, A113, 
A68, A70, A 7 1 ,  A112, and A131 i n t o  a common l i n e  and through Check Valve A114. 

2.1.3. Main Tank Annular Space P r e s s u r i z a t i o n .  The annu la r  space  between 
t h e  Main Tank A300 wal ls  r ece ives  a d r y  GN2 p r e s s u r e  of 0 .1  p s i g  t o  prevent  
moi s tu re  accumulat ion i n  t h e  p e r l i t e  i n s u l a t i o n .  Two Storage  Cyl inder  A s s e m -  
b l i e s  A339 and A340 supply t h e  GN2.  
remains on s tandby.  When Cylinder A340 s u p p l i e s  G N 2 ,  Manual Valve A334 remains 
c l o s e d .  GN2 f lows from Cylinder  A340, by P r e s s u r e  Gage A337, through Regula tor  
A336, where t h e  p r e s s u r e  drops t o  50 p s i g ,  th rough Manual Valve A333 and 
Regula tor  A331, f o r  another  p re s su re  r e d u c t i o n  t o  0.1 p s i g ,  and through Check 
Valve A332 i n t o  Tank A300 annular  space .  
GN2 f lows from Cylinder  A339, by Gage A338, th rough Regulator  A335 and Manual 
Valve A334, th rough Regulator  A331 and Check Valve A332, t o  Tank A300 annular  
space .  P r e s s u r e  and Vacuum Rel ie f  Valve A342 p reven t s  s t r u c t u r a l  f a i l u r e  of 
the  Tank A300 wal ls .  
t he  double  w a l l s  of Main Tank A300. 

One c y l i n d e r  s u p p l i e s  GN2 whi le  t h e  o t h e r  

When Cylinder  A340 i s  on s tandby,  

Compound Pressure Gage A344 monitors  p r e s s u r e  w i t h i n  

2.1.4. Main Tank P r e s s u r i z a t i o n .  A v a p o r i z a t i o n  system, which conve r t s  
LOX t o  GOX, p r e s s u r i z e s  t h e  u l l a g e  of Main Tank A300 t o  30 p s i g .  This  u l l a g e  - - -  
p r e s s u r e  minimizes b o i l o f f  l o s s e s  and ass i s t s  LOX flow from t h e  Tank. 

Closure  of Valves A309, A307, A308, and A310 precedes  main t a n k  p r e s s u r -  
DC power t o  Solenoid  Valves A2736 and A2737 a l lows  750-psig GN2 i z a t i o n .  

c o n t r o l  p r e s s u r e  t o  c l o s e  normally open Main Tank Vent Valve A l .  Manual Valve 
A327 p rov ides  manual t ank  p res su re  r e l i e f  when Valve A 1  i s  i n  i t s  normal 
p o s i t i o n  should  Valve A 1  f a i l  t o  c l o s e .  Power t o  Valves A2738 and A2739 a l lows  
c o n t r o l  p r e s s u r e  opening of normally c losed  Main Tank P r e s s u r i z a t i o n  Valve A301. 
Manual Valve A323 opens,  a l lowing LOX flow through open Valve A301 and Flow 
C o n t r o l  Valve A306 h e l d  i n  t h e  f u l l y  open p o s i t i o n  by 25-psig GN2 c o n t r o l  
p r e s s u r e .  From Valve A306, LOX f lows through Heat Exchanger A305, where con- 
v e r s i o n  t o  GOX commences due t o  ambient a i r  be ing  blown a c r o s s  t h e  hea t  ex- 
changer  c o i l s  by two motor-operated f ans .  
l i n e  t o  Tank A300 u l l a g e  where t h e  p r e s s u r e  s ta r t s  b u i l d i n g  up. 
l e a d i n g  t o  C o n t r o l l e r  A328 t r a n s m i t s  u l l a g e  p r e s s u r e ,  t h u s  a l lowing  25 p s i g  
GN2 C o n t r o l l e r  A328 i n l e t  p re s su re  t o  be v a r i e d  p r o p o r t i o n a l l y  from 3 t o  15 
p s i g  t o  va ry  Valve A306 open p o s i t i o n  accord ing  t o  t h e  u l l a g e  p r e s s u r e  i n  t h e  
Tank A300. In  t h i s  way, a r e l a t i v e l y  cons t an t  u l l a g e  p r e s s u r e  i s  maintained.  
Should t h e  u l l a g e  p r e s s u r e  exceed 30 p s i g ,  P r e s s u r e  Switch A447 i n  t h e  main 
t a n k  sens ing  panel  would a c t u a t e ,  t a k i n g  power o f f  Valves A2736 and A2737, 

The GOX passes  through t h e  r e t u r n  
A c o n t r o l  l i n e  
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a l l o w i n g  Valve A1 t o  r e t u r n  t o  i t s  normally open p o s i t i o n ,  and a l lowing  excess  
GOX flow th rough  Check Valve A79 and o u t  the ven t  s t a c k .  

GOX manifold A314 l o c a t e d  i n  t h e  main t a n k  s e n s i n g  pane l  p rov ides  a com- 
mon u l l a g e  p r e s s u r e  sou rce  f o r  monitor ing Main Tank A300 pa rame te r s .  P r e s s u r e  
Switch A448 sends a " p r e s s u r i z e d  complete" s i g n a l  t o  the LOX Con t ro l  pane l  i n  
t h e  LCC, when u l l a g e  p r e s s u r e  reaches 20 p s i g .  P r e s s u r e  Gage A313 v i s u a l l y  
i n d i c a t e s  Tank A300 u l l a g e  p r e s s u r e .  
meter on t h e  LOX supply monitor pane l  w i t h i n  the LCC. T h i s  meter i n d i c a t e s  
Tank A300 LOX q u a n t i t y  i n  g a l l o n s .  
i n  t h e  LOX supply monitor pane l  w i t h i n  the LCC. T h i s  meter r e a d s  u l l a g e  p r e s -  
s u r e  i n  p s i g .  

aP Transducer  A438 s i g n a l s  a l i q u i d  level 

Transducer  A437 s igna l s  a p r e s s u r e  meter 

The ven t  l i n e  can be d r a i n e d  of f o r e i g n  accumulat ions th rough  Manual 

A l i n e  c o n t a i n i n g  Manual Valve A320 a l lows  
Valve A133. Re l i e f  Valve A317 and Burs t  Disc A 3 1 8  mechanical ly  p r o t e c t  Tank 
A300 from o v e r p r e s s u r i z a t i o n .  
emergency bypass of Valves A301 and A306. R e l i e f  Valve A322 r e l i e v e s  a t  75 
p s i g  t o  p reven t  l i n e  s t r u c t u r a l  f a i l u r e .  Valve A319 a l lows  bypass of Valve 
A301, while Relief Valve A321 r e l i e v e s  a t  75 p s i g  t o  p reven t  LOX h e a t  exchanger 
l i n e  o v e r p r e s s u r i z a t i o n .  

2.1.5. Replenish Tank F i l l .  LOX, t r a n s p o r t e d  t o  Complex 37 i n  t r a i l e r s ,  
i s  pumped i n t o  Replenish Tank A200 th rough  hoses  coupled t o  t h e  r e p l e n i s h  t a n k  
coup l ing -ha l f  assemblies  ( f i g u r e  2).  LOX p a s s e s  from the t r a i l e r s  th rough  
Coupling-Half Assemblies A123 and A124, Manual Valves A119 and A66, p a s t  R e l i e f  
Valve A92 which r e l i e v e s  a t  75 p s i g ,  t h rough  S t r a i n e r  A125, Manual Valve A211 
and i n t o  Tank A200. When t h e  LOX r e a c h e s  the d e s i r e d  leve l ,  i t  flows th rough  
t h e  open Trycock Valve A230. C losu re  of Valve A230 t e r m i n a t e s  t h e  r e p l e n i s h  
f i l l  o p e r a t i o n .  Opening of Manual Valve A216 a l lows  Tank A200 LOX level  t o  
be r e a d  on D i f f e r e n t i a l  P r e s s u r e  Gage A212. Rep len i sh  Tank A200 f i l l  l i n e s  
d r a i n  th rough  Manual Valves A132 and A69 i n t o  a common l i n e  and th rough  Check 
Valve A28. 

2.1.6. Replenish Tank Annular Space Evacuat ion.  A p o r t a b l e  vacuum pump 
connected th rough  Manual Valve A228, vacuum l i n e  and F i l t e r  A229 creates a 20 
micron vacuum wi th in  t h e  p e r l i t e  i n s u l a t e d  Tank A200 walls.  Vacuum w i t h i n  t h e  
wa l l s  i s  measured through the l i n e  c o n t a i n i n g  Manual Valves A218 and A219, 
and by Vacuum Gage A 2 1 7  which p rov ides  a v i s u a l  i n d i c a t i o n  of annu la r  space 
vacuum. R e l i e f  Valve A237 r e l i e v e s  any p r e s s u r e  bu i ldup  w i t h i n  the wal ls  a t  
2.3 p s i g .  

2.1.7. Replenish Tank P r e s s u r i z a t i o n .  A v a p o r i z a t i o n  system tha t  c o n v e r t s  
LOX t o  GOX p r e s s u r i z e s  t h e  u l l a g e  of Rep len i sh  Tank A200 t o  195 p s i g .  T h i s  
u l l a g e  p r e s s u r e  minimizes LOX b o i l o f f  l o s s e s  and f o r c e  f e e d s  the LOX t o  t h e  
v e h i c l e  c o n t a i n e r s  during r e p l e n i s h  o p e r a t i o n s .  C losu re  of Valves  A210 and 
A211 p recedes  Tank A200 p r e s s u r i z a t i o n .  
A2753 a l lows  750-psig GN2 c o n t r o l  p r e s s u r e  t o  c l o s e  normally open Rep len i sh  
Tank Vent Valve A 4 .  
l i e f  when Valve A4 is  i n  i t s  normal p o s i t i o n  o r  f a i l s  t o  c l o s e .  Power on 
Valves  A2754 and A2755 al lows c o n t r o l  p r e s s u r e  opening of normally c l o s e d  
Rep len i sh  Tank P r e s s u r i z a t i o n  Valve A201. Manual Valve A227 opens a l lowing  

DC power on So leno id  Valves A2752 and 

Manual Valve A220 p rov ides  Manual Tank A200 p r e s s u r e  re- 
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LOX flow through open Valve A201 and Flow Cont ro l  Valve A206, he ld  i n  t h e  f u l l y  
open p o s i t i o n  by 25-psig GN c o n t r o l  p r e s s u r e .  From Valve A206, LOX flows 
th rough  Heat Exchanger A205 where conversion t o  GOX commences due t o  ambient 
a i r  be ing  blown a c r o s s  t h e  Heat Exchanger A205 c o i l s  by two motor-operated f ans .  
The GOX passes  through t h e  r e t u r n  l i n e  t o  Tank A200 u l l a g e  where t h e  p r e s s u r e  
s t a r t s  b u i l d i n g  up.  A c o n t r o l  l i n e  l e a d i n g  t o  C o n t r o l l e r  A235 t r a n s m i t s  u l l a g e  
p r e s s u r e ,  t h u s  p r o p o r t i o n a l l y  a l lowing  25-psig GN2 C o n t r o l l e r  A235 i n l e t  p r e s -  
s u r e  t o  be v a r i e d  from 3 t o  15 ps ig  t o  va ry  Valve A206 open p o s i t i o n  accord ing  
t o  t h e  u l l a g e  p r e s s u r e  i n  Tank A200. In  t h i s  way a r e l a t i v e l y  cons t an t  u l l a g e  
p r e s s u r e  i s  main ta ined .  Should the  u l l a g e  p r e s s u r e  exceed 195 p s i g ,  P r e s s u r e  
Swi tch  A449 i n  t h e  r e p l e n i s h  t ank  s e n s i n g  panel  would a c t u a t e ,  t a k i n g  power 
o f f  Valves A2752 and A2753, a l lowing Valve A4 t o  r e t u r n  t o  i t s  normally open 
p o s i t i o n ,  and a l lowing  excess  GOX flow through Check Valve A 7 8  and out  t h e  
v e n t  s t a c k  . 

2 

GOX Manifold A214, l o c a t e d  in  t h e  r e p l e n i s h  t a n k  sens ing  p a n e l ,  p rov ides  
a common u l l a g e  p r e s s u r e  sou rce  fo r  moni tor ing  Replenish  Tank A200 parameters. 
P r e s s u r e  Switch A442 sends a "p res su r i ze  complete" s i g n a l  t o  t h e  LOX c o n t r o l  
pane l  i n  t h e  LCC when u l l a g e  p r e s s u r e  r eaches  160 p s i g .  P r e s s u r e  Gage A213 
g i v e s  a v i s u a l  i n d i c a t i o n  of Tank A200 u l l a g e  p res su re .  AP Transducer  A441 
s i g n a l s  a l i q u i d  l e v e l  meter  on t h e  LOX supply monitor pane l  w i t h i n  t h e  LCC. 
T h i s  meter i n d i c a t e s  Tank A200 q u a n t i t y  i n  g a l l o n s .  Transducer  A443 s i g n a l s  
a p r e s s u r e  meter i n  t h e  LOX supply monitor pane l  w i th in  t h e  LCC. This  meter 
r e a d s  u l l a g e  p r e s s u r e  i n  p s i g .  

The ven t  l i n e  can be dra ined  of f o r e i g n  accumulat ions through Manual Valve 
A 8 1 .  R e l i e f  Valve A 2 2 1  and Burst  Disc A222 mechanica l ly  p r o t e c t  Tank A200 
from o v e r p r e s s u r i z a t i o n .  A l i n e  con ta in ing  Manual Valve A224 a l lows  emergency 
bypass  of Valves A201 and A206. Relief Valve A226 r e l i e v e s  a t  300 p s i g  t o  
p r e v e n t  l i n e  s t r u c t u r a l  f a i l u r e .  Valve A223 a l lows  bypass of Valve A201, 
w h i l e  R e l i e f  Valve A225 r e l i e v e s  a t  300 p s i g  t o  prevent  LOX hea t  exchanger 
l i n e  o v e r p r e s s u r i z a t i o n .  R e l i e f  Valve A238 r e l i e v e s  manhole cover p r e s s u r e  
shou ld  a l e a k  develop between Tank A200 u l l a g e  and t h e  hollow manhole cover .  

2.1.8. Replenish  Tank R e f i l l .  Should a launch de lay  occur ,  Main Tank 
A300 can r e f i l l  Replenish  Tank A200 through t h e  Replenish  Tank A200 t r a n s f e r  - 
l i n e ,  which c o n t a i n s  Local Transfer  Valve A231. 
r o u t e  from t h e  Main Tank A300 through open Manual Valve A309, p a s t  Re l i e f  
Valve A90, which c racks  a t  75 ps ig  t o  r e l i e v e  GOX p r e s s u r e  bu i ldup ,  and i n t o  
the 6- inch l o c a l  t r a n s f e r  l i n e .  DC power from a swi t ch  i n  t h e  LCC a u x i l i a r y  
components pane l  a c t u a t e s  va lves  A2781 and A2782, a l lowing  GN2 c o n t r o l  p r e s s u r e  
opening of Valve A231. LOX flows through Valve A231 and Valve A227 i n t o  Tank 
A200. Replenish  Tank A200 q u a n t i t y  meter i n  t h e  LCC LOX supply  monitor pane l  
i n d i c a t e s  when t h e  d e s i r e d  Tank A200 l e v e l  has  been reached.  

R e f i l l  o p e r a t i o n  fo l lows  t h e  

2.2. S to rage  F a c i l i t y ,  Launcher, LOX P i t ,  and S - I  S t age  

2.2.1. F i l l  and Dra in  Lines  Precool .  The S - I  p recoo l  ope ra t ion  p reven t s  
o v e r p r e s s u r i z a t i o n  and choking of t h e  S - I  f i l l  l i n e  w i t h  LOX vapor and r e q u i r e s  
about  6.5 minutes .  P r i o r  t o  f i l l  and d r a i n  l i n e  p recoo l  o p e r a t i o n ,  DC power 
a c t u a t e s  Solenoid  Valves A2748 and A2749, a l lowing  GN2 c l o s u r e  of S - I  Line 
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Vent Valve A16. Power on Solenoid Valves A2766 and A2767 a l lows  750-psig GN2 
from Manual Valve A5177 i n  Valve Panel  10 t o  c l o s e  S - I  Mast Drain Valve A34. 
GN2 from Valve Panel 10 a l s o  opens S - I  Main F i l l  Valve A31 th rough  So leno id  
Valves A2764 and A2765. 
opens S - I  Pump Discharge Valve A7 through Valves A2746 and A2747. 
from Valve Panel  10 th rough  Manual Valve A5177 opens So leno id  Valve A5616, 
and Coupling Halves A6601 and B154 open the v e h i c l e  F i l l  and Drain Valve B152. 
P recoo l  o p e r a t i o n  beg ins  w i t h  Manual Valve A307 opening,  which a l lows  LOX flow 
from Main Tank A300 through Valve A307, S t r a i n e r  A99, p a s t  R e l i e f  Valve A 8 8 ,  
which r e l i e v e s  l i n e  p r e s s u r e  a t  75 p s i g .  Manual Valve A 1 1 2  remains c l o s e d  
d u r i n g  p r e c o o l  o p e r a t i o n .  The 30 p s i g  GOX u l l a g e  p r e s s u r e  p rov ides  flow 
impetus.  Flow con t inues  through i n o p e r a t i v e  T r a n s f e r  Pump A105, S - I  Pump 
Discharge Valve A 7 ,  Check Valve A115, open Manual Valve A26, p a s t  l i n e  R e l i e f  
Valves A 1 1 0 ,  A139, A140, and A141, which c r a c k  a t  300 p s i g  f o r  l i n e  p r e s s u r e  
r e l i e f .  
t h rough  Coupling Assembly A4600, Nozzle Assembly B153, F i l l  and Drain Valve 
B152, and i n t o  t h e  0-3 sump. 

GN2 a t  750 p s i g  from t h e  LOX pneumatic c o n t r o l  conso le  
GN2 p r e s s u r e  

Flow con t inues  through S - I  Main F i l l  Valve A31, p a s t  R e l i e f  Valve A142, 

2.2.2. F i l l .  Main f i l l  of t h e  S - I  s t a g e  LOX c o n t a i n e r s  commences approx- 
i m a t e l y  s i x  hours  b e f o r e  launch.  P r i o r  t o  c o n t a i n e r s  f i l l ,  LOX Vent Valve 
B163 and LOX Vent and R e l i e f  Valve No. 1 B162-1 ( p r e s s u r e  o p e r a t e d  through 
So leno id  Valve B215) open t o  ven t  t h e  c o n t a i n e r s  d u r i n g  t h e  f i l l  o p e r a t i o n .  
LOX Vent and Re l i e f  Valve No. 2 B162-2 ( p r e s s u r e  o p e r a t e d  th rough  Solenoid 
Valve B222) opens a l s o  t o  ven t  t h e  c o n t a i n e r s  d u r i n g  f i l l .  However, Valve 
B222 a l lows  t h e  vent f u n c t i o n  of Valve No. 2 B162-2 t o  o p e r a t e  on ly  p r i o r  t o  
l aunch ,  s i n c e  a GSE s i g n a l  i s  r e q u i r e d  t o  a c t u a t e  Valve B222. When Valves 
B215 and B222 c l o s e ,  GN2 t r apped  between Valves B163, B162-1, and B162-2 and 
Valves B215 and B222 e scapes  th rough  t h e  v e n t  p o r t s  of Valves B215 and B222 
and th rough  Or i f  i c e s  B169. 

A t  t h e  completion of S - I  p r e c o o l  o p e r a t i o n s ,  Pump A105 s ta r t s ,  drawing 
LOX from Tank A300, t h rough  Valve A307, S t r a i n e r  A99, t h rough  Pump A105, and 
p a s t  P r e s s u r e  Switch A435, which i n d i c a t e s  "Main F i l l  i n  Operation" a t  t h e  LOX 
c o n t r o l  pane l  when pump d i s c h a r g e  p r e s s u r e  reaches 160 p s i g .  Flow con t inues  
th rough  Valve A 7 ,  Check Valve A115, Manual Va1,ve A26, p a s t  R e l i e f  Valves  A 1 1 0 ,  
A139, A140, and A141, through Valve A31, Coupling Assembly A4600, Nozzle A s s e m -  
b l y  B153, F i l l  and Drain Valve B152, i n t o  t h e  0-3 sump and t o  the 0 - C  sump 
through t h e  sumps i n t e r c o n n e c t  l i n e .  From the  0 - C  sump, LOX flows t o  0-2,  0-1,  
and 0-4 through t h e  sumps i n t e r c o n n e c t  l i n e s .  The c o n t a i n e r s  f i l l  from t h e  
sumps, a l lowing  t h e  LOX t o  r i s e  i n  t h e  c o n t a i n e r s  t o  a l e v e l  based on nominal 
f u e l  d e n s i t y .  
A34 and Check Valves A85 and A150. 
motors t h rough  Orifices A2769 and A2770 p r e v e n t s  motor i n t e r n a l  e x p l o s i v e  
atmospheres and w a r m s  v a l v e  and motor components. 

The S - I  f i l l  and d r a i n  l i n e  empt i e s  t h rough  S - I  Mast Drain Valve 
A GN2 purge o f  b o t h  Pump A105 and A106 

2.2.3. Replenish Line P recoo l .  When t h e  c o n t a i n e r s  reach 75 p e r c e n t  f u l l  

The S - I  main f i l l  o p e r a t i o n  con t inues  d u r i n g  
l e v e l  d u r i n g  main f i l l ,  LOX Tanking Computer A83 command s i g n a l  i n i t i a t e s  t h e  
r e p l e n i s h  l i n e  precool  o p e r a t i o n .  
p r e c o o l .  P r i o r  t o  r e p l e n i s h  l i n e  p r e c o o l ,  t h e  f o l l o w i n g  v a l v e s  a c t u a t e :  
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a .  

b. 

C. 

d. 

e .  

f .  

Solenoid  Valves A2762 and A2763 a c t u a t e ,  a l lowing  GN2 c l o s i n g  
of Replenish  Line Drain Valve A143. 

Replenish  Valve B151 opens by GN p r e s s u r e  from Valve Panel  10 
Manual Valve A5177 through ene rg ized  Solenoid  Valve A5618 and 
Coupling Halves A6604 and B160. Solenoid  Valve B216 a l s o  ac -  
t u a t e s  th rough a GSE s i g n a l ,  a l lowing  v e n t i n g  of GN2 opening 
p r e s s u r e  through the  Valve B216 ven t  p o r t .  

2 

Actua t ion  of Solenoid Valves A2756 and A2757 a l lows  GN2 opening 
of Replenish  Line Cont ro l  Valve A61. Manual Valve A75 opens.  

Actua t ion  of Solenoid Valves A2760 and A2761 a l lows  G? opening 
of S - I  T h r o t t l e  Bypass Valve A52. 

GN2 a t  25 p s i g  from Valve Panel  5 Regula tor  A2109 opens Replenish  
and T h r o t t l e  Control  Valve A55 t o  t h e  f u l l y  open p o s i t i o n .  

Actua t ion  of Solenoid Valves A2758 and A2759 a l lows  Replenish  
Line Vent Valve A136 t o  c l o s e  by GN2 c o n t r o l  p r e s s u r e .  

P r e s s u r i z e d  LOX now flows from Replenish  Tank A200 through Manual Valve 
A210, p a s t  R e l i e f  Valve A95, S t r a i n e r  A102, Replenish  Line Cont ro l  Valve A61, 
R e l i e f  Valve A84, and through Manual Valve A75. GOX and LOX vapor r e l i e f  i s  
provided  by R e l i e f  Valves A84, A87, A146 and A147. Flow con t inues  through 
Valves  A55 and A52, Coupling Assembly A430, Nozzle Assembly B150, and i n t o  t h e  
0-4  sump. The r e p l e n i s h  precool  o p e r a t i o n  s t o p s  upon complete removal of LOX 
vapor  from t h e  S - I  r e p l e n i s h  l i n e .  

2.2.4. Replenish .  LOXTanking Computer A83 c o n t r o l s  r e p l e n i s h  of t h e  
S - I  s t a g e  LOX c o n t a i n e r s .  Computer A83, i n  t h e  AGCS, gene ra t e s  an e lec t r ica l  
ana log  of sensed d i f f e r e n t i a l  p r e s s u r e ,  which r eaches  t h e  computer from t h e  
v e h i c l e  0-C c o n t a i n e r  through Coupling Halves B156, B157, A6605 and A6602, and 
a bottom and a t o p  sens ing  l i n e .  During main f i l l  and r e p l e n i s h  o p e r a t i o n s ,  
a purge of t h e  bottom sens ing  l i n e  i s  main ta ined  t o  keep LOX o r  GOX from 
r e a c h i n g  t h e  computer. Solenoid Valve A6030 c o n t r o l s  t h i s  purge by a l lowing  
450-ps ig  He t o  flow from Regulator A5280 i n  Valve Panel  10,  through O r i f i c e  
A6070 by P r e s s u r e  Switch A6031, O r i f i c e  A6071, and Valve A6030. 

The 195-psig GOX u l l a g e  p res su re  i n  Replenish  Tank A200 ma in ta ins  p re s -  
s u r i z e d  LOX f low from t h e  t a n k  t o  the v e h i c l e .  The LOX r e p l e n i s h  flow r o u t e  
i s  i d e n t i c a l  t o  t h e  r e p l e n i s h  precool  f low r o u t e  (see 2.2.3). When t h e  con- 
t a i n e r  LOX l e v e l  pas ses  t h e  100 pe rcen t  mark, AP Switch B159 s i g n a l s  t h e  LOX 
components pane l  i n  t h e  LCC, which d i s p l a y s  an o v e r f i l l  i n d i c a t i o n .  Manual 
Valve B158 prov ides  a c a l i b r a t i o n  p o r t  f o r  Switch B159. Computer A83, i n  con- 
j u n c t i o n  w i t h  t h e  Replenish  and T h r o t t l e  Cont ro l  Valve A55, ma in ta ins  the con- 
t a i n e r s  a t  t h e  f u l l  l e v e l  u n t i l  t h e  au tomat ic  sequence begins  150 seconds 
b e f o r e  i g n i t i o n .  T h r o t t l e  Bypass Valve A52 remains open u n t i l  t h e  98 pe rcen t  
f u l l  l e v e l  i s  reached .  The Replenish & T h r o t t l e  Cont ro l  Valve A55 f u n c t i o n s  
s i m i l a r l y  t o  Flow Cont ro l  Valve A206. Solenoid  Valve A2768 c o n t r o l s  GN2 f low 
t o  the c o n t r o l l e r  A58. However C o n t r o l l e r  A58 f u n c t i o n s  e l e c t r i c a l l y  i n s t e a d  
of pneumat ica l ly .  
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Upon S - I  r e p l e n i s h  t e r m i n a t i o n ,  t h e  S - I  S t age  Replenish  Valve B151 c l o s e s  
and t h e  Replenish  Line Drain Valve A143 opens,  a l lowing  LOX d ra inage  from t h e  
r e p l e n i s h  l i n e  through Check Valves  A96 and A150. 

2.2.5.  Drain.  S ince  t h e  S - I  and S-IV d r a i n  o p e r a t i o n s  f u n c t i o n  i n -  
dependent ly ,  e i t h e r  can commence a t  any t i m e .  A f i v e  minute  s-I d r a i n  sequence 
t i m e r  i n i t i a t e s  d r a i n  o p e r a t i o n .  Mast Drain Valve A34 c l o s e s ,  and Veh ic l e  
Vent Valve B163 and Vent and R e l i e f  Valves B162-1 and B162-2 open. The S - I  
Main F i l l  Valve A31 and t h e  v e h i c l e  F i l l  and Drain Valve B152 open. Main Tank 
P r e s s u r i z a t i o n  Valve A301 c l o s e s ,  Replenish  Tank Vent Valve A4 opens,  and 
Rep len i sh  Tank P r e s s u r i z a t i o n  Valve A201 c l o s e s .  Unless  p r e v i o u s l y  completed,  
t h e  Main and Replenish Tanks A200 and A300 d e p r e s s u r i z e  wh i l e  t h e  t i m e r  i s  
coun t ing .  A t  t h e  end of t h e  f i v e  minute  t i m e  de l ay ,  t h e  S - I  Line Drain Valve 
A19 opens through Solenoid  Valves A2750 and A2751. LOX flows from t h e  v e h i c l e  
c o n t a i n e r s  through t h e  i n t e r c o n n e c t  l i n e s  through F i l l  and Drain Valve B152, 
Nozzle Assembly B153, Coupling-Half A4600, Main F i l l  Valve A31, Manual Valve 
A26, Dra in  Valve A19, Check Valve A 3 0 ,  S t r a i n e r  A104, Manual Valve A310 ,  and 
i n t o  Tank A300. Grav i ty  p rov ides  f low impetus toward Tank A300. R e l i e f  Valves 
A89 and A94 r e l i e v e  any GOX p r e s s u r e  bui ldup  du r ing  LOX d r a i n  o p e r a t i o n s .  

2.3. Launcher,  LOX P i t  and S - I  S t age  

2.3.1. LOX Bubbling. Helium bubbl ing  through t h e  LOX s u c t i o n  l i n e s  
p r e v e n t s  tempera ture  s t r a t i f i c a t i o n  w i t h i n  t h e  s u c t i o n  l i n e s  and c o n t a i n e r s .  
LOX bubbl ing  commences upon i n i t i a t i o n  of t h e  au tomat i c  sequence,  con t inues  
f o r  50 seconds ,  and t e r m i n a t e s  p r i o r  t o  LOX c o n t a i n e r s  p r e p r e s s u r i z a t i o n .  
Helium a t  315 p s i g ,  from Valve Panel  10 Regula tor  A5245, f lows through open 
So leno id  Valve A5607, and r o u t e s  through s h o r t  c a b l e  m a s t  number fou r  th rough 
Coupling Halves A6610 and B450 t o  t h e  v e h i c l e  LOX bubbl ing  r i n g l i n e ,  which 
c o n t a i n s  e i g h t  branch l i n e s ,  one l e a d i n g  t o  each  LOX s u c t i o n  l i n e .  From t h e  
r i n g l i n e ,  He f lows through O r i f i c e  B451 i n t o  t h e  s u c t i o n  l i n e ,  bubbles  up 
through LOX Preva lve  B155 i n t o  t h e  c o n t a i n e r  sump, t h e  LOX i n  t h e  c o n t a i n e r ,  
and ou t  LOX Vent and R e l i e f  Valves No. 1 and 2 B162-1 and B162-2 and Vent 
Valve B163, which remain open u n t i l  c o n t a i n e r  p r e p r e s s u r i z a t i o n  beg ins .  The 
combined f low r a t e  of He th rough t h e  LOX i s  approximate ly  560 scfm. 

2.3.2. Conta iners  P r e p r e s s u r i z a t i o n .  Helium p r e p r e s s u r i z a t i o n  of t h e  
LOX c o n t a i n e r s  commences 100 seconds p r i o r  t o  i g n i t i o n .  Valves B162-1, B162-2, 
and B163 c l o s e  p r i o r  t o  p r e p r e s s u r i z a t i o n  i n i t i a t i o n .  The c o n t a i n e r s  r e c e i v e  
p r e s s u r i z e d  He from Valve Panel  10 Manual Valve A5242 through Solenoid  Valve 
A6029, Or i f ice  A6069, th rough Coupling Halves A6508 and B385 by s h o r t  c a b l e  
mast number 2 ,  through Check Valve B387 i n t o  t h e  0 - C  d i f f u s e r  l i n e  t h a t  l e a d s  
t o  t h e  0-C u l l a g e  and 0 - C  p r e s s u r i z a t i o n  mani fo ld  a t  t h e  t o p  of 0-C. 

The He p r e s s u r e  d i s t r i b u t e s  t o  t h e  o t h e r  LOX c o n t a i n e r ' s  u l l a g e  through 
t h e  GOX in t e rconnec t  manifold.  
s u r e  Swi tch  B167 removes power from Solenoid  Valve A6029, t h u s  s topp ing  He 
f low t o  t h e  v e h i c l e .  Valve A6028 remains c l o s e d  a t  t h i s  t i m e .  Should t h e  
u l l a g e  p r e s s u r e  r each  65 p s i a ,  P r e s s u r e  Switch B166 would s i g n a l  Solenoid  Valve 
B215 t o  open, a l lowing opening of Valves B162-1 and B163. Manual Valve B168 

When u l l a g e  p r e s s u r e  r e a c h e s  59.5 p s i a ,  P re s -  
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prov ides  a c a l i b r a t i o n  po r t  f o r  Switches B166 and B167. Immediately a f t e r  
i g n i t i o n ,  GOX u l l a g e  p r e s s u r e  drops r a p i d l y .  
b o t h  Solenoid  Valves A6028 and A6029 open t o  a l low t h i s  p r e s s u r e  t o  be made 
up be fo re  l i f t o f f ,  through O r i f i c e s  A6069 and A6068. 

To make up t h i s  p r e s s u r e  l o s s ,  

2.4. S to rage  F a c i l i t y ,  S - IV  Tower Complex, and S- IV  S tage  

2.4.1. F i l l  and Drain Line Precool .  P r i o r  t o  p recoo l  o p e r a t i o n ,  t h e  
fo l lowing  v a l v e s  a c t u a t e :  

a .  GN2 p r e s s u r e  from Valve Panel  B through ene rg ized  Solenoid  Valve 
A4006 opens LOX Main F i l l  Valve A4005. 

b.  Solenoid Valves E319 and E320 e n e r g i z e ,  a l lowing  He c o n t r o l  p re s -  
s u r e  from Regulator E206 t o  open F i l l  and Drain Valve E151. 

c .  LOX Container  Vent Valves E153 and E154 open through Valves 
E212  and E214. 

d. S- IV Main F i l l  Precool  Valve A148 opens through a c t u a t i o n  of 
Solenoid  Valves A4003 and A4004. 

e. Pump Discharge Valve A10 opens through a c t u a t i o n  of Solenoid  
Valves A2744 and A2745. 

Precool  o p e r a t i o n  begins  upon completion of Main and Replenish  Tanks A200 
and A300 p r e s s u r i z a t i o n .  Approximately s i x  minutes a f t e r  p recoo l  flow s tar ts ,  
Valve A148 c l o s e s .  The s ix-minute  open p e r i o d  of Valve A148 a l lows  GOX pres- 
s u r e  bui ldup  i n  t h e  main l i n e  t o  vent  th rough Check Valve A150. P recoo l  flow 
f o l l o w s  t h e  r o u t e  from Main Tank A300, th rough Valve A309, p a s t  Re l i e f  Valve 
A90, th rough S t r a i n e r  A100, non-opera t ive  Pump A106, Valve A10, Check Valve 
A45, Manual Valve A 7 3 ,  and p a s t  R e l i e f  Valves A44, A98, A 4 3 ,  and A47 t h a t  
r e l i e v e  a t  300 p s i g .  Af te r  Valve A148 c l o s e s ,  f low con t inues  i n t o  t h e  Main 
F i l l  and Topping Cont ro l  Valve Complex A4000, through Valve A4005, F i l t e r  
A4011, Valve A3151, through Coupling Assembly A3160, Nipple  Assembly E150, 
Main F i l l  Valve E151, and i n t o  t h e  LOX con ta ine r  E152. A s  redundant main LOX 
f i l l  l i n e  ove rp res su re  p r o t e c t i o n ,  P r e s s u r e  Switch A3172 opens Main F i l l  P r e -  
c o o l  Valve A148. Precool  t akes  about  f i v e  minutes  and t r a n s f e r s  approximately 
4000 pounds of LOX t o  t h e  S - I V  s t a g e .  

2.4.2. F i l l .  Upon completion of p recoo l  o p e r a t i o n ,  Valve A148 opens and 
t h e  supply  pump A106 s t a r t s .  F u l l  f low t o  the S-IV c o n t a i n e r  begins  w i t h i n  
10 seconds a f t e r  Pump A106 s t a r t s .  Valve A148 s t a r t s  c l o s i n g  30 seconds a f t e r  
Pump A106 s t a r t s  and r eaches  the  f u l l y  c losed  p o s i t i o n  40 seconds a f t e r  Pump 
A106 s t a r t s ,  t h u s  purging t h e  main f i l l  l i n e  of GOX p r e s s u r e  bui ldup  f o r  a 
p e r i o d  of 40 seconds.  LOX f i l l  f low fo l lows  t h e  r o u t e  desc r ibed  i n  paragraph  
1.3.4.1.  R e l i e f  Valve A90 cracks  a t  75 p s i g  f o r  main l i n e  r e l i e f  whi le  P res -  
s u r e  Switch A436 i n d i c a t e s  adequate  Pump A106 d i scha rge  p r e s s u r e  i n  t h e  LCC. 
R e l i e f  Valves  A98, A43, A44, A93, and A47 provide  cumulat ive volume r e l i e f  of 
e x c e s s  LOX p r e s s u r e  i n  Pump A106 d i scha rge  l i n e .  
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The S-IV conta iner  f i l l s  t o  t h e  98 pe rcen t  l e v e l  a t  1000 gpm. The LOX 
Mass Sensor  E156 s i g n a l s  Pump A106 shu to f f  a t  t h e  98 pe rcen t  l e v e l  by Solenoid  
Valves  A2740 and A2741, and opens Line Vent Valve A13, a l lowing  LOX t o  vent  
t o  Tank A300 through Check Valve A76. 
and E151 c l o s e  and umbi l i ca l  Drain Valve A4023 opens by GN2 th rough Valve 
A4024. LOX i n  t h e  main l i n e  from t h e  v e h i c l e  t o  Valve A4005 d r a i n s  through 
Valve A4023 and Check Valve A4027. Af t e r  f i l l  t o t h e  98 percent  l e v e l  t e rmi -  
n a t e s ,  P r e s s u r e  Switch A3172 c o n t r o l s  Main Precool  Valve A148 as redundant  
o v e r p r e s s u r e  p r o t e c t i o n .  
s t a g e  LOX loads  t o  t h e  95 percent  l e v e l .  
LOX p r e s s u r e  i n  the  main f i l l  l i n e  dur ing  t h e  f i l l  ope ra t ion .  

F i f t e e n  seconds l a t e r ,  Valves A4005 

The S- IV  s t a g e  remains on s tandby u n t i l  t h e  S - I  
P r e s s u r e  Transducer  A4002 monitors  

2.4.3. Replenish.  P r i o r  t o  r e p l e n i s h ,  t h e  fo l lowing  va lves  a c t u a t e :  

a. Replenish Precool  Valve A149 opens f o r  30 seconds through ac tua -  
t i o n  of Solenoid Valves A4007 and A4008. 

b. Replenish Valve A4021 opens pneumat ica l ly  through a c t u a t i o n  of 
Solenoid Valve A4022. 

c .  Line Vent Valve A4023 c l o s e s .  

Replenish  commences through Manual Valve A210, p a s t  Re l i e f  Valve A95, 
th rough S t r a i n e r  A102, open Replenish  Line Cont ro l  Valve A61, p a s t  R e l i e f  
Valve A84, th rough Manual Valve A75, p a s t  Re l i e f  Valves A146 and A147, p a s t  
Valve A149 t h a t  c losed  a f t e r  30 seconds open t i m e ,  th rough Replenish  Valve 
A4021, p a s t  Re l i e f  Valve A4025, th rough S t r a i n e r  A4011, Umbil ical  Line LOX 
Valve A3151, Coupling Assembly A3160, Nipple  Assembly E150, F i l l  and Drain 
Valve E151, and i n t o  Vehic le  Container  E152. P r e s s u r e  Transducer  A4018 
mon i to r s  r e p l e n i s h  l i n e  p r e s s u r e  dur ing  t h e  r e p l e n i s h  o p e r a t i o n .  Replenish  
f low con t inues  a t  100 gpm u n t i l  t h e  S-IV p r o p e l l a n t  u t i l i z a t i o n  system (PU) 
i n d i c a t e s  99.75 percent  f u l l .  A t  t h i s  l e v e l ,  Replenish  Valve A4021 c l o s e s  
and t h e  PU system on t h e  S - I V  s t a g e  a u t o m a t i c a l l y  s i g n a l s  Valve A4021 as re- 
q u i r e d  t o  main ta in  t h e  S - I V  LOX con ta ine r  l e v e l  a t  99.25 t o  99.75 pe rcen t .  
Upon au tomat ic  sequence i n i t i a t i o n ,  t h e  LOX c o n t a i n e r  E152 i s  topped t o  100 
p e r c e n t ,  a f t e r  which Valves E151 and A4021 c l o s e .  

2.4.4. Drain.  Upon 100 pe rcen t  LOX Conta iner  E152 f i l l  complet ion,  um- 
b i l i c a l  Drain Valve A4023 opens,  a l lowing  d ra inage  of t h e  upstream r e p l e n i s h  
l i n e  through Check Valve A4027. 

The S- IV  LOX conta iner  can be d ra ined  any t i m e  i n  r e l a t i o n  t o  d r a i n i n g  
t h e  S - I  c o n t a i n e r s .  Before t h e  S-IV LOX c o n t a i n e r  can be d r a i n e d ,  however, it 
must be p r e s s u r i z e d  ( see  2.5.3) , and Storage  Tank A300 and Replenish  Tank A200 
must be dep res su r i zed .  

The S-IV LOX conta iner  i s  p r e s s u r i z e d  w i t h  43 -ps i a  He by Solenoid  Valve 
E236 on t h e  S-IV s t age .  Vent Valves E153 and E154 c l o s e .  A f t e r  t h e  S- IV  LOX 
c o n t a i n e r  i s  p r e s s u r i z e d ,  a f ive-minute  t i m e r  s t a r t s ,  and Main F i l l  Valve A4005 
and LOX F i l l  and Drain Valve E151 open. 
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The s t o r a g e  and r e p l e n i s h  tanks  a r e  d e p r e s s u r i z e d  a s  fo l lows:  Vent Valve 
A 1  and Vent Valve A4 open; Main Tank P r e s s u r i z a t i o n  Valve A301 and Replenish  
Tank P r e s s u r i z a t i o n  Valve A201 c l o s e ;  and t h e  v a p o r i z e r  fan  motors s t o p .  

A f t e r  f i v e  minutes ,  Drain Valve A22 opens through Solenoid  Valves A2742 
and A2743 on s i g n a l  from t h e  t imer .  P r e s s u r i z e d  LOX flows from t h e  S- IV  
c o n t a i n e r  through F i l l  and Drain Valve E151, N i p p l e  E150, Coupling Assembly 
A3160, Umbil ical  Line LOX Valve A3151, F i l t e r  A4011, Main F i l l  Valve A4005, 
Dra in  Valve A22, Check Valve A30, S t r a i n e r  A104, and Manual Valve A310, i n t o  
Main LOX Storage  Tank A300. 

S - IV  LOX d r a i n  t e rmina te s  when F i l l  and Drain Valve E151, Main F i l l  Valve 
A4005 and Drain Valve A22 c l o s e .  

2.5. S-IV Tower Complex and S-IV S tage  

2.5.1. Cold Helium F i l l .  Three c o l d  Helium Spheres  E233, E234, and E235, 
mounted on t h e  LH2 c o n t a i n e r  i n s i d e  w a l l ,  p rovide  He f o r  LOX con ta ine r  p r e s -  
s u r i z a t i o n  dur ing  S-IV s t a g e  powered f l i g h t  ( f i g u r e  1). 
f i l l  l e v e l  reaches  approximately 70 p e r c e n t ,  3000 p s i g  He a t  minus 360°F f lows 
th rough  Coupling Halves A3157 and E225 from a GSE He sou rce  (Vol. V). Helium 
f lows through Check Valves E226 and E227 p a s t  P re s su re  Switch E245, R e l i e f  
Valve E231, and Solenoid  Valve E232, i n t o  Spheres  E233, E234, and E235. Should 
a launch  a b o r t  occu r ,  Solenoid  Valve E232 would dump a l l  He i n  t h e  co ld  hel ium 
sys tem overboard.  R e l i e f  Valve E231 r e l i e v e s  excess ive  l i n e  p r e s s u r e ,  wh i l e  
P r e s s u r e  Switch E245 a c t u a t e s  a t  2940 p s i a  i n d i c a t i n g  s u f f i c i e n t  Sphere E233, 
E234, and E235 p r e s s u r e  t o  GSE. 

When t h e  S-IV LH2 

2.5.2. LOX Bubbling. Approximately 6 minutes  p r i o r  t o  au tomat ic  sequence 
i n i t i a t i o n  or 8.5 minutes  be fo re  i g n i t i o n ,  LOX bubbl ing  commences ( f i g u r e  1). 
Upon command, Solenoid  Valve E167 opens,  a l lowing  He from GSE (Vol.  V) t o  f low 
t h r o u g h  Coupling Halves A3157 and E225, Valve E167, F i l t e r  E168, and O r i f i c e  
E169 i n t o  a r i n g l i n e  t h a t  con ta ins  branch l i n e s  l ead ing  t o  each s u c t i o n  l i n e .  
From the r i n g l i n e ,  He f lows through Check Valve E 1 7 1  and O r i f i c e  E172  i n t o  
t h e  s u c t i o n  l i n e .  The H e  bubbles through t h e  LOX i n  t h e  s u c t i o n  l i n e  and 
Con ta ine r  E152 and out  Vent Valves E153 and E154 t o  e l i m i n a t e  tempera ture  
s t r a t i f i c a t i o n .  Thermal Switch E162 a c t u a t e s  a t  minus 298OF He tempera ture  
and  t r a n s m i t s  a s i g n a l  t o  GSE. Solenoid Dump Valve E166 e s t a b l i s h e s  t h e  c o l d  
H e  f low r a t e  dur ing  LOX bubbl ing,  a l lowing  t h e  c o l d  He t o  pass through O r i f i c e  
E163 and overboard.  P r e s s u r e  Switch E170 sends a p r e s s u r e  OK s i g n a l  t o  GSE 
d u r i n g  LOX bubbl ing ope ra t ion .  The LOX bubbl ing sequence t e rmina te s  when 
So leno id  Valve E167 c l o s e s .  

2.5.3. Conta iner  P r e p r e s s u r i z a t i o n .  P r e p r e s s u r i z a t i o n  begins  a t  t h e  
s t a r t  of t h e  au tomat ic  sequence ( f i g u r e  1). 
Valves  E153 and E154 c l o s e  through Solenoid Valves E214 and E212  de-ener-  
g i z a t i o n .  F ive  seconds l a t e r ,  Solenoid Valve E213 e n e r g i z e s  t o  ensu re  and 
m a i n t a i n  t h e  c l o s u r e  of t h e  LOX t a n k  vent  v a l v e s .  Cold He f lows from Valve 
P a n e l  B i n t o  t h e  v e h i c l e  through Quick-Disconnect Coupling Halves A3157 and 
E225. A f t e r  e n t e r i n g  t h e  v e h i c l e ,  c o l d  He f lows through Check Valve E226, 
F i l t e r  E228, Solenoid  Valve E236, Plenum E243, Helium Heater  E241 t h a t  i s  no t  

13 

The S - I V  LOX Conta iner  Vent 



i n  o p e r a t i o n ,  O r i f i c e  E240, and i n t o  S- IV  LOX Conta iner  E152. When t h e  p re s -  
s u r e  i n  LOX Tank E152 r eaches  46 p s i a ,  P r e s s u r e  Switch E283 a c t u a t e s  and 
c l o s e s  Solenoid  Valve E236. P r e s s u r e  Switch E281 a c t u a t e s  a t  43 p s i a  and 
p r o v i d e s  a monitor f o r  minimum l i f t o f f  p r e s s u r e .  
t u a t e s  a t  51 p s i a  t o  p rov ide  an ove rp res su re  monitor  i n  t h e  LCC. 

P r e s s u r e  Switch E280 ac- 

2.5.4. Purges.  J u s t  p r i o r  t o  t h e  S-IV f i l l  and d r a i n  l i n e  p recoo l  op- 
e r a t i o n ,  Solenoid  Valve A2563 i n  Valve Panel  B a c t u a t e s ,  a l l owing  50-ps ig  
GN2 t o  purge Umbil ical  Drain Line Solenoid  Valve A3151 through O r i f i c e  A3171, 
LOX Coupling Assembly A3160 through O r i f i c e  A3170, and swing arm No. 2 um- 
b i l i c a l  housing through O r i f i c e  A3169. These pu rges  p reven t  development of 
e x p l o s i v e  atmospheres and reduce  component f r e e z i n g  p o s s i b i l i t i e s .  The S-IV 
main LOX l i n e  purge commences immediately a f t e r  c l o s u r e  of t h e  S-IV Main F i l l  
Valve E151. GN2 a t  50 p s i g  flows through open Solenoid  Valve A2561, F i l t e r  
A2562, Check Valve A3165 and i n t o  t h e  main LOX l i n e .  T h i s  purge i n e r t s  t h e  
atmosphere w i t h i n  the main f i l l  l i n e  and p r e v e n t s  an  e x p l o s i v e  hazard  a t  
u m b i l i c a l  housing d i sconnec t  a f t e r  Umbil ical  Valve A3151 c l o s e s .  

A purge of  t he  t r ansduce r  box and j u n c t i o n  box on t h e  Main F i l l  and 
Topping Cont ro l  Complex A4000 i n e r t s  t h e  boxes '  i n t e r n a l  a tmospheres .  GN2 
a t  750 p s i g  from Valve Panel  B y  th rough Solenoid  Valve A2546 and F i l t e r  A2547, 
f lows p a s t  p r e s s u r e  OK s w i t c h  A4029 through O r i f i c e  A4031 and i n t o  t h e  ex-  
p l o s i v e  proof t r ansduce r  and j u n c t i o n  boxes.  R e l i e f  Valves A4030 p rov ide  
o v e r p r e s s u r e  p r o t e c t i o n  of t h e  boxes.  

2.6. F l i g h t  

During v e h i c l e  f l i g h t  , two independent LOX systems o p e r a t e  t o  d e l i v e r  
LOX t o  t h e  S - I  and S-IV s t a g e  engines  r e s p e c t i v e l y .  The sequences exp la ined  
under t h e  heading "F l igh t "  cover  t h e  t i m e  p e r i o d  from i g n i t i o n  u n t i l  S-IV 
eng ine  c u t o f f .  

2.6.1. S - I  Conta iners  P r e s s u r i z a t i o n .  LOX conver ted  t o  GOX w i t h i n  Heat 
Exchangers B30 p r e s s u r i z e s  t h e  LOX c o n t a i n e r s  d u r i n g  S - I  powered f l i g h t .  GOX 
f lows  from Heat Exchanger B30 through Check Valve B164 t o  a GOX mani fo ld  t h a t  
c o l l e c t s  GOX from a l l  e i g h t  Heat Exchangers B30 and t r a n s m i t s  it through GOX 
Flow Cont ro l  Regulator  B170, which l i m i t s  f low i n  a GOX sens ing  l i n e  from t h e  
u l l a g e  area t o  t h e  Regula tor  B170. The r e g u l a t o r  ma in ta ins  a p r e s s u r e  of 60 
p s i a  w i t h i n  t h e  u l l a g e  of  a l l  c o n t a i n e r s  t h rough  t h e  GOX i n t e r c o n n e c t  l i n e s  
t h a t  connect each  c o n t a i n e r  u l l a g e  t o  t h e  0 - C  u l l a g e .  Emergency P r e s s u r e  
Swi tch  B166 a c t u a t e s  a t  65 p s i a  t o  open Vent and R e l i e f  Valve B162-1 and Vent 
Valve B163 v i a  Solenoid Valve B215. The v e n t  f u n c t i o n  of Vent and Relief Valve 
B162-2 i s  i n o p e r a t i v e  du r ing  f l i g h t .  However, mechanica l  r e l i e f  s e t t i n g s  on 
Valves  B162-1 and B162-2 p rov ide  u l l a g e  p r e s s u r e  r e l i e f  a t  55 t o  62 p s i g .  

2.6.2. S - I  LOX Flow. Each S - I  s t a g e  ou tboa rd  LOX c o n t a i n e r  s u p p l i e s  
LOX t o  one inboard and one outboard  H-1  engine.  A f t e r  i g n i t i o n ,  LOX f lows 
from t h e  0-1, 0-2,  0 -3  and 0-4 sumps through Prevalves S i 5 5  t h a t  a r e  h e l d  open 
by 750 p s i g  GN2 and through open Solenoid  Valve B217. 
P reva lves  B155, t he  LOX con t inues  t o  t h e  i n l e t  s i d e  of  t h e  H-1  eng ine  turbopumps 

A f t e r  f lowing  through 
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(Vol.  V I I I ) .  
sponds t o  t h e  l e v e l  i n  t h e  o t h e r  four  c o n t a i n e r s ,  s i n c e  a l l  fou r  c o n t a i n e r  
sumps connect t o  t h e  0-C sump through t h e  LOX i n t e r c o n n e c t  l i n e s .  Should one 
eng ine  f a i l ,  t h e  LOX in  t h e  con ta ine r  t h a t  would normally flow t o  t h e  dead 
eng ine  would be d iv ided  between the  remaining seven engines .  The p reva lves  
remain open throughout  S - I  powered f l i g h t  and c l o s e  s imul taneous ly  w i t h  t h e  
f i r i n g  of t h e  engine  conax va lves  (Vol. V I 1 1  and X) .  Af t e r  i g n i t i o n  and d u r i n g  
f l i g h t ,  a n t i - s l o s h  b a f f l e s  w i th in  each  LOX c o n t a i n e r  prevent  LOX s l o s h i n g  t h a t  
might have an adverse  e f f e c t  on v e h i c l e  s t a b i l i t y .  

During f l i g h t ,  t h e  LOX l e v e l  i n  each  c o n t a i n e r  c l o s e l y  c o r r e -  

2.6.3. S - IV  Conta iner  P r e s s u r i z a t i o n .  During S - I  powered f l i g h t ,  t h e  
S - I V  LOX c o n t a i n e r  remains p r e s s u r i z e d  by Spheres  E233, E234 and E235. P r e s -  
s u r e  Switch E283 s i g n a l s  Solenoid Valve E236 t o  c l o s e ,  should  Conta iner  E152 
p r e s s u r e  exceed 46 p s i a .  While Solenoid Valve E236 remains open, He from 
Spheres  E233, E234 and E235 flows through F i l t e r  E230, Regula tor  E229 t h a t  
drops  t h e  p r e s s u r e  t o  250 p s i g ,  Valve E236, Plenum E243 t h a t  reduces l i n e  p r e s -  
s u r e  s u r g e s ,  non-opera t ive  He Heater E241, O r i f i c e  E240, and i n t o  Conta iner  
E152 u l l a g e .  Helium a l s o  f lows through open Solenoid  Valve E238, O r i f i c e  E239 
and through Heater E241 secondary c o i l .  

W a r m  He from He Heater  E241 ma in ta ins  LOX c o n t a i n e r  p r e s s u r i z a t i o n  du r ing  
S-IV powered f l i g h t .  A t  a predetermined t i m e  a f t e r  S-I/S-IV s e p a r a t i o n  (Vol. 
X ) ,  t h e  f l i g h t  sequencer  s i g n a l s  Solenoid  Valve E318 t o  open, a l lowing  pneu- 
m a t i c  opening of He Heater P rope l l an t  Valves E215 and E216. LH2 and LOX f low 
th rough  va lves  E215 and E216, r e s p e c t i v e l y ,  and i n t o  t h e  He h e a t e r  combustion 
chamber. I g n i t e r s  E244 i n i t i a t e  H e  h e a t e r  combustion, and t h e  h e a t e r  exhaus t  
g a s e s  pass  out  t h e  exhaust  nozzle  and through t h e  S-IV hea t  s h i e l d  c e n t e r .  
The H e  Heater Thermal Switch E246 i n d i c a t e s  t h e  c o l d  He hea t  exchanger Heater 
Assembly E241 tempera ture  by s i g n a l i n g  t h e  c o n t r o l  c i r c u i t  t o  open o r  c l o s e  
P r o p e l l a n t  Valves E215 and E216 through Solenoid  Valves E318 and E317 accord ing  
t o  whether t h e  exchanger temperature  i s  above o r  below 11O0F. Heater E241 
o p e r a t e s  whenever t h e  temperature  i s  below 110OF. During h e a t e r  o p e r a t i o n ,  
c o l d  He flows from Spheres  E233, E234, and E235 through t h e  r o u t e  desc r ibed  
i n  t h e  f i r s t  p a r t  of 1.3.6.3. When t h e  c o l d  He e n t e r s  t h e  Heater E241 c o i l s ,  
i t  w a r m s ,  expands,  and flows through O r i f i c e  E240 t o  Container  E152. Upon 
S-IV powered f l i g h t  i n i t i a t i o n ,  c o n t r o l  of Solenoid  Valve E236 swi tches  from 
P r e s s u r e  Switch E283 t o  P res su re  Switch E237. When t h e  He h e a t e r  i n l e t  l i n e  
p r e s s u r e  i n c r e a s e s  t o  320 p s i a ,  P re s su re  Switch E237 a c t u a t e s  and c l o s e s  So- 
l e n o i d  Valve E236. When P res su re  Switch E283 ceases t o  c o n t r o l  Solenoid  Valve 
E236, it begins  t o  c o n t r o l  Solenoid Valve E238. When t h e  Container  E152 p r e s -  
s u r e  exceeds 46 p s i a ,  P r e s s u r e  Switch E283 c l o s e s  Solenoid  Valve E238, c u t t i n g  
o f f  He f low t o  t h e  h e a t e r  secondary c o i l s  and reducing  w a r m  He flow. 

2.6.4. S-IV LOX Flow. During S- IV  powered f l i g h t ,  LOX under an u l l a g e  
p r e s s u r e  of 43 p s i a  i s  drawn through s i x  i n d i v i d u a l  LOX s u c t i o n  l i n e s  t o  t h e  
s i x  RLlOA-3 engine  mounted on t h e  S- IV  s t a g e  t h r u s t  s t r u c t u r e  (Vol. I X ) .  The 
s u c t i o n  l i n e s  connect l i k e  wheel spokes around t h e  LOX Container  E152 base .  
LOX Sensor  E156, a c a p a c i t o r  using LOX as i t s  d i e l e c t r i c ,  s i g n a l s  t h e  onboard 
p r o p e l l a n t  u t i l i z a t i o n  system to consume n e a r l y  a l l  LOX and reduce  t h e  weight 
p e n a l t y  a t  S- IV engine  c u t o f f  to a minimum (Vol. IX and X) .  Should Conta iner  
E152 u l l a g e  p r e s s u r e  exceed 50 p s i a  du r ing  S-IV powered f l i g h t ,  t h e  mechanical  
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r e l i e f  s e t t i n g  on Vent and R e l i e f  Valves E153 and E154 would a l low opening of 
Valves  E153 and E154 t o  provide  ove rp res su re  r e l i e f .  
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